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PURPOSE:  This  technical  note  presents  prototype  data  and  equations  for  predicting  discharge 
over  the  top  of  submerged  wing  dams.  This  analysis  was  part  of  a  study,  done  through  the  Corps  of 
Engineers’  Land  Management  System,  to  determine  the  impacts  of  zebra  mussels  on  water  quality 
and  ecological  conditions  in  the  Upper  Mississippi  River  (UMR). 

BACKGROUND:  Wing  dams  (also  called  spur  dikes)  are  rock  structures  constructed  perpendicular 
to  the  flow  direction  in  a  river.  They  extend  part  way  across  the  channel  from  the  riverbank  and 
constrict  flow  to  a  narrower  deeper  channel  more  suitable  for  navigation.  Originally  constructed  in 
the  1800s  as  emerged  structures,  wing  dams  on  the  UMR  were  permanently  submerged  when  the 
locks  and  dams  were  constructed  in  the  mid- 1 930’ s.  Submergence  and  deterioration  have  decreased 
the  effectiveness  of  wing  dams;  however,  they  remain  a  prominent  factor  in  the  river  landscape. 
The  low  velocity  zones  and  scour  holes  associated  with  wing  dams  provide  aquatic  habitat  diversity, 
shelter,  food  organisms,  and  spawning  substrate  for  a  variety  of  fish  species  and  are  an  important 
component  of  river  habitat  (Pitlo  1998,  Shields  1995).  Since  wing  dams  are  likely  colonization  sites 
for  zebra  mussels,  quantifying  the  hydraulic  conditions  near  them  is  important. 

PROTOTYPE  DATA:  Hydraulic  and  geometric  data  at  wing  dams  (Table  1)  were  collected  in 
1994  (Barrientos  and  Associates,  Inc.  1995),  using  an  acoustic  doppler  channel  profiler.  Mississippi 
River  total  discharge  was  available  from  each  lock  and  dam,  and  the  main  channel  discharge  at  each 
wing  dam  was  determined  based  on  available  hydraulic  data.  Figure  1  shows  typical  flow  patterns 
found  at  submerged  wing  dams.  Because  of  the  submergence  of  the  wing  dams  (average  depth  = 
6.8  ft)  and  subsequent  flow  over  the  top  of  the  wing  dams,  significant  lateral  eddies  were  not 
observed,  as  they  often  are  at  emerged  wing  dams.  Similar  observations  were  made  by  Maynord  in 
1999.*  In  Pitlo’s  1998  study  of  wing  dams,  an  average  water  depth  of  5.6  ft  was  found. 

RELATIONSHIPS  BASED  ON  PROTOTYPE  DATA:  Most  research  on  wing  dams  has  focused 
on  the  hydraulics  of  emerged  wing  dams  or  morphometric  changes  associated  with  wing  dams 
(Shields  1995,  Zaghloul  1 983)  and  the  habitat  that  results  (Pitlo  1 998).  Several  equations  that  relate 
discharge  over  wing  dams  to  channel  and  structure  geometry  are  presented  in  Burch  et  al.  (1984). 
These  equations  were  developed  to  predict  the  effects  of  constructing  wing  dams  and  require 
estimating  depth  and  channel  width  before  and  after  construction.  The  goal  of  this  study  was  to 
develop  relationships  that  predict  wing  dam  discharge  (i.e.  discharge  over  the  top  of  a  submerged 
wing  dam)  as  a  function  of  easily  measured  geometric  parameters.  Prototype  data  from  Table  1  were 
plotted  in  Figures  2  and  3.  Figure  2  indicates  that  the  ratio  of  wing  dam  discharge  to  main  channel 
discharge  is  proportional  to  the  ratio  of  wing  dam  area  to  main  channel  area.  Figure  3  indicates  that 


^  Personal  communication,  1999,  Dr.  Stephen  Maynord,  Research  Hydraulic  Engineer,  U.S.  Army  Engineer 
Research  and  Development  Center,  Coastal  and  Hydraulics  Laboratory,  Vicksburg,  MS. 
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the  ratio  of  wing  dam  discharge  to  main  channel  discharge  is  also  strongly  related  to  the  ratio  of 
wing  dam  length  to  main  channel  width. 

The  following  two  equations  provide  the  best  estimate  of  flow  over  submerged  wing  dams. 

a...  /  Q.C  =  0.98  -  0.019,  =  0.82 

Q..,/Q.c=0.69L^.,/W„,-0.030,  r^=0.84 
where 

Qwd  =  discharge  over  wing  dams,  cfs 

=  discharge  in  main  channel,  cfs  (includes  wing  dam  discharge) 

2 

Awd  =  flow  area  over  wing  dams,  ft 

Amc  =  flow  area  in  main  channel,  ft^  (includes  wing  dam  area) 

Lwd  =  length  of  wing  dam,  ft 

Wmc  =  main  channel  width,  ft  (includes  wing  dam  length) 

The  first  equation  is  probably  more  accurate  for  a  full  range  of  discharge  conditions  since  it  accounts 
for  cross-sectional  area.  However,  the  second  equation  has  more  utility  since  wing  dam  length  can 
be  obtained  from  maps  or  aerial  photographs.  The  constant  0.69,  in  the  second  equation,  is  directly 
related  to  the  average  ratio  of  wing  dam  depth  to  main  channel  depth  found  in  the  prototype  data. 
If  wing  dam  submergence  is  beyond  the  range  of  depths  (5  to  8  ft)  encountered  in  this  study,  the 
relationship  based  on  length  should  be  adjusted. 
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CONCLUSIONS:  This  analysis  was  initiated  because  of  interest  in  the  effects  of  zebra  mussels 
on  water  quality  in  the  Upper  Mississippi  River.  Given  that  the  rock  substrate  associated  with  wing 
dams  is  conducive  to  colonization  by  zebra  mussels,  quantifying  the  amount  of  water  conveyed 
over  wing  dams  was  essential.  The  two  equations  developed  above  allow  the  calculation  of  wing 
dam  discharge.  These  equations  also  can  be  used  in  other  mass  transport  studies,  which  require 
knowledge  of  the  flow  distribution  within  a  river  channel  or  floodplain,  or  in  various  types  of  river 
management  studies. 

POINTS  OF  CONTACT:  For  additional  information,  contact  the  authors,  Mr.  Jon  S.  Hendrickson, 
651-290-5634,  or  Ms.  Michelle  Schneider,  651-290-5576,  at  the  U.S.  Army  Engineer  District, 
St.  Paul;  or  the  managers  of  the  Water  Operations  Technical  Support  Program,  Dr.  John  Barko, 
601-634-364,  barkoj@wes.army.mil,  and  Mr.  Robert  C.  Gunkel,  Jr.,  601-634-3722,  gunkelr@wes. 
army.mil.  This  technical  note  should  be  cited  as  follows: 

Hendrickson,  J.  S.,  and  Schneider,  M.  J.  (1999).  “Hydraulic  evaluation  of  discharge  over 
submerged  rock  wing  dams  on  the  Upper  Mississippi  River,”  Water  Quality  Technical 
Notes  Collection  (WQTN  PD-06),  U.S.  Army  Engineer  Research  and  Development 
Center,  Vicksburg,  MS.  www.wes.army.mil/el/elpubs/wqtncont.html 
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